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ABS T R A C T
P r e v i o u s  r e s e a r c h  In studying r e s p o n s e  p r o g r a m m i n g  
time shares a c o m m o n  t rait In that m o v e m e n t  v e l o c i t y ,  
c o m p l e x i t y ,  and d i s t a n c e  were not contr o l l e d .  Thus, 
m ore than one m o v e m e n t  a t t r i b u t e  was allowed to v a r y 
a cross c o nditions. The present study was designed to 
control the c o n f o u n d i n g  of these m o v e m e n t  a t t r i b u t e s .
T w e n t y - f o u r  v o l u n t e e r  u n d e r g r a d u a t e  subjects (II 
male, 13 female) were di v i d e d  Into two groups. In 
G r o u p  One the sub j e c t s  perf o r m e d  the m o v e m e n t  task 
under a s e l f - p a c e d  v e l o c i t y  c o n d i t i o n  first fol l o w e d  
by an e x t e r n a l - p a c e d  v e l o c i t y  c o ndition. G r o u p  Two 
performed the m o v e m e n t  task first under the 
e x t e r n a l - p a c e d " c o n d i t i o n  followed by the s e l f - p a c e d
cond i t i o n .  The task r e q u i r e d  the subjects to d e p r e s s  
l i g h t - s w i t c h e s  In a smooth c o n t l n o u s  m o vement. For
the e x t e r n a l - p a c e d  c o n d i t i o n  the sub j e c t s  p e r f o r m e d  
the m o v e m e n t  task to the c adence of a metro n o m e .  The 
m e t r o n o m e  c adence was set so that the a v e r a g e  
mo v e m e n t  v e l o c i t y  for all m o v e m e n t  r e s p o n s e s  was 
c o nstant at 37.5 c m / s e c . For the s e l f - p a c e d
c o n d i t i o n  sub j e c t s  were told to p e rform the task as 
fast as possible. W i t h  three levels of c o m p l e x i t y  
(2, 3, and 4 d i r e c t i o n  changes) and two levels of
iv
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m o vement d i stance (75 cm and 100 cm), a total of six 
m o vement patterns were examined. T e n  practice and 
eight test trials were performed. Simple r e a c t i o n  
time and m o v e m e n t  time were recorded. R e a c t i o n  time 
was used to m easure response p r o g r a m m i n g  time. 
M o v e m e n t  time was used to cal c u l a t e  the average
m o v e m e n t  v e l o c i t y  of each response. A 2x3x2 AND VA
(movement v e l o c i t y  X c o m p l e x i t y  X distance) with
repeated me a s u r e s  on all factors was performed.
The ce n t r a l  finding was that there was a
significant m o v e m e n t  c o m p l e x i t y  main effect. Also a 
s i gnificant I n t e r a c t i o n  of mo v e m e n t  v e l o c i t y  w i t h  
m o v e m e n t  c o m p l e x i t y  was observed. This I n t e r a c t i o n  
revealed that the change In r esponse p r o g r a m m i n g  time 
w i t h  m o v e m e n t  c o m p l e x i t y  was for the self-paced 
c o n d i t i o n  only. As m o vement v e l o c i t y  Increased a
systematic d e crease In reaction time was observed. 
M o v e m e n t  v e l o c i t y  was found to be the cr i t i c a l  factor 
a f f e c t i n g  the re s p o n s e  p r o g r a m m i n g  time of a c o m p l e x  
self-paced task. Overall, the va r i o u s  m o v e m e n t
attributes, as ex a m i n e d  In this study, a f f e c t  the
response progr a m m i n g  time of the r e s p o n s e  only If 
the movement att r i b u t e  causes a s i g n i f i c a n t  c h a n g e  In 
the mo v e m e n t  v e l o c i t y  of the response.
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CH A P T E R  I
I N T R O D U C T I O N
The study of the time Interval b e t w e e n  stimulus
and r e s p onse dates b a c k  to D o n d e r s  (1868). This tine 
Interval Is ref e r r e d  to as a r e a c t i o n  time, and Is 
g e n e r a l l y  d e fined as a me a s u r e  of the time from the 
a rrival of a s u d d e n l y  p r e s e n t e d  signal to the 
beg Inning of the r e sponse to it (Weiss, 1965). This 
time Interval c o n s i s t s  of a series o f  Infor m a t i o n
p r o c e s s i n g  s t a g ^ ,  a n umber of w h i c h  have b een 
Id entified ( S ternberg, 1969). T h i s  study was 
rest r i c t e d  to o n l y  one of these p r o c e s s i n g  stages - 
the r e sponse p r o g r a m m i n g  stage. This stage has been 
defined as a stage of I n f o r m a t i o n  p r o c e s s i n g  In w h i c h  
the p r e v i o u s l y  c h o s e n  re s p o n s e  Is transformed Into
overt m uscular a c t i o n  (Henry, 1980). It Involves the 
sp e c i f i c a t i o n " — oif— d i m e n s i o n s  of m o v e m e n t  In the 
b u i l d i n g  of I n s t r u c t i o n s  In m u s c u l a r  a ction and the 
d e l i v e r y  of these I n s t r u c t i o n s  to the a p p r o p r i a t e  
m u s c l e s  (Rosenbaum, 1980). R e a c t i o n  time Is thought 
to v a r y  w^^ h  the c o m p l e x i t y  of the res p o n s e  -- a more 
co m p l e x  m o v e m e n t  requ i r i n g  a g r eater p r o g r a m m i n g  time
1
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resulting In a l o n g e r  r e a c t i o n  time (Henry & Rogers, 1960) 
P r o g r a m m i n g  d e m a n d s  have been m a n i p u l a t e d  by 
a l t e r i n g  m o v e m e n t  c o m p l e x i t y  and the c o m p l e x i t y  
effects have b een d ebated at l e n g t h  (Baba and 
M a r t e n l u k ,  1983; Henry, 1980,1981; H e n r y  and Rogers,
1960 ; Kerr, 1978; Klapp, 1972, 1980). M o v e m e n t
velocity effects on r esponse p r o g r a m m i n g  time have 
also been e x a m i n e d  (Newell, H b s h s I z a k l , Ca r l t o n  and 
Halbert, 1979; F a l k e n b e r g  and Newell, 1980). 
P revious studies of the effect of m o v e m e n t  a t t r i b u t e s  
on r e sponse p r o g r a m m i n g  time share a c o m m o n  trait.
More than one m o v e m e n t  a t t r i b u t e  was allowed to vary 
across e x p e r i m e n t a l  c o nditions, p e r m i t t i n g  pos s i b l e  
C o n f o u n d i n g  to occur. In the pr e s e n t  study, a major 
c hallenge was to co n t r o l  or": e l I m l n a t e  % a s :m a n y %  
c o n f o u n d i n g  m o v e m e n t  a t t r i b u t e s . a s  po s s i b l e
A second m a j o r  l i m i t a t i o n  of most pre v i o u s 
r e s e a r c h  Is that c o m p l e x i t y  has been a f f o r d e d  w eak
and I n c o n s i s t e n t  d e f i n i t i o n s  at best, and at times no 
d e f i n i t i o n  at all. H e n r y  and Rogers (1960) used the 
n u m b e r  of goal o r i e n t e d  m o v e m e n t  parts of the 
response as the d e f i n i t i o n  of c o mplexity. S u b s e q u e n t  
studies have m a n i p u l a t e d  o t h e r  m o v e m e n t  a t t r i b u t e s  in
an a t t e m p t  to study the ef f e c t s  of m o v e m e n t
complexity. T his lack of a c l e a r  d e f i n i t i o n  makes
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
c o m p a r i s o n  of r esults d i f f i c u l t  and con f u s e s  the 
Issue of the e ffect of c o m p l e x i t y  on response 
p rogr a m m i n g  time. In order to allow some compa r i s o n ,  
the d e f i n i t i o n  of c o m p l e x i t y  used In the c urrent 
study will be the same as that used by H enry and 
Rogers (1960), A nson (1982), Christina, Fischman,
Lambert, M o o r e , (1985) and Fis c h m a n  (1984). T h e s e  
studies define c o m p l e x i t y  as the n u m b e r  of c o nnected 
m o v e m e n t  parts of a response. The more conn e c t e d
m o v e m e n t  parts, the g r eater the c o mplexity.
The p urpose of this study was to e x a m i n e  ^the
effect'" of " m o v e m e n t v e l o c l t y ,  c o m p l e x i t y  and fdls tancer 
on r esponse p r o g r a m m i n g  time) In order to determine 
the factors r e s p o n s i b l e  for the l e n g t h  of the
p r o g r a m m i n g  time It Is c r i t i c a l  that e a c h ^ ^ p o t e n t l a l
con fo un ding v a r i a b l e  -be e l i m i n a t e d  or .controlled^. To 
achieve this, the a p p a r a t u s  used was a unique reaction» 
tlme-rn’Tp a n e l n c b o a r d  w h i c h  allowed c o m p l e x i t y  «'to Tvary 
while the t o t a l ' m o v e m e n t  d i s t a n c e  Is held constant.
Two movement d i s t a n c e s  were examined. Within this 
design, the c a p a b i l i t y  to m a i n t a i n  a c o n s t a n t  av e r a g e  
v e l o c i t y  under v a r i o u s  levels of c o m p l e x i t y  was also 
avai l a b l e  and was employed.
There Is some c o n t r o v e r s y  r e g a r d i n g  the
a p p r o p r i a t e  r e a c t i o n  time p aradigm (simple r eaction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
time vs choice r e a c t i o n  time) to be e m ployed In the 
testing of the r e l a t i o n s h i p  b e tween task para m e t e r s  
and p r o g r a m m i n g  time (see H enry 1980, K lapp 
1977,1980). Simple r e action time Is the r e a c t i o n 
time for a task In w h i c h  a single k nown response Is 
produced when a single s t i m u l u s  Is presented. Choice 
r e a c t i o n  time Is the rea c t i o n  time for a task using 
two or more ch o i c e s  when the proper response Is 
signaled by the stimulus. The simple rea c t i o n  time
^ r a d ^ m was se l e c t e d  for the pr e s e n t  study b e c a u s e  
It Is Identical to H e n r y ' s  (1960, 1981) o r i g i n a l  
formu l a t i o n  of p r o g r a m m i n g  time and Is found to be 
less s u s c e p t a b l e  to c o n f o u n d i n g  errors (Sternberg,
M o n s e l l , Knoll and Wright, 1978).
Using the simple ^reactIon .rtime % .paradigm, the 
present study s y s t e m a t i c a l l y  exa m i n e d  the effects^of« 
m o v e m e n t  v e l o c i t y ,  x o m p l e x l t y  and d i s t a n c e  on
response^-uprogr ammlng t ime To do this each m o v e m e n t  
v a riable e x a m i n e d  was Isolated and c o n t r o l l e d  so
that the e f f e c t  of e a c h  var i a b l e  on r esponse 
p r o g r a m m i n g  time c ould be found.
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CHAPTER II 
REVIEW OF L I TERATURE
A study c o n d u c t e d  by H e n r y  and Rogers, (1960) 
was first to promote the position c o m m o n l y  k n o w n  as 
the " m e m o r y  d r u m "  theory. According to this 
theory, a portion of the r e a c t i o n  time includes the 
time required to gain access to stored I n formation  
co ncerning the whole sequence of movements to be 
made. For m o v e m e n t s  w hich require terminal accuracy, 
as the c o m p l e x i t y  of the m o v e m e n t  Increases a greater 
Involvement of n e u r o m otor c o o r d i n a t i o n  c e n t r e s is 
required (Henry, 1980). This Increase In n e uromotor 
Information requires a longer time period for the 
neural Impulses to c i r c u l a t e  t hrough the c o o r d i n a t i o n  
centres. Thus, l onger lasting responses take longer 
to program.
The Henry and Rogers study consisted of m e asuring 
the simple r e a c t i o n  time of three separate movements 
of varying degree of complexity. Response A was a 
simple finger lift; Response B was a forward and 
upward movement of the right hand and arm to grasp a 
ball. The third response. Response C, had three 
movement dire c t i o n  changes and c o ntact with three
5
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d i f f e r e n t  targets. T h i r t y  u n d e r g r a d u a t e  college men 
were used as subjects.
T h e y  reported simple r e a c t i o n  time Increase of 
20% between R e s p o n s e  A and B , 163 ms and 195 ms
r e s p e c t i v e l y  t = 8.6, p < .05, and a further Increase 
of 7% b e t w e e n  R e s p o n s e  B and C, 204 ms, t » 2.9, 
p < .05. H enry and Rogers c o n c l u d e d  that simple 
rea c t i o n  time Incr e a s e d  as a f u nction of the m o v e m e n t
complexity. This Increase was a t t r i b u t e d  to the
gr e a t e r  l e n g t h  and readout d u r a t i o n  of the prior 
stored program n e c e s s a r y  to effect the m ore c o m p l e x  
response. H owever, when c o m p a r i n g  response A to 
Res p o n s e  B, not o nly did R e s p o n s e  B have an Increased 
n u m b e r  of c o n n e c t e d  m o v e m e n t  parts, but as well the 
total m o v e m e n t  d i s t a n c e  was greater. Due to this
c o n f o u n d i n g  of c o m p l e x i t y  and m o v e m e n t  distance, it 
would be d i f f i c u l t  to Ide n t i f y  w h i c h  factors a c t u a l l y  
had an effect or w ere r e s p o n s i b l e  for the Increase In 
simple r e a c t i o n  time.
Norrle, (1967) e x a m i n e d  the effects of 
c o m p l e x i t y  on r e sponse p r o g r a m m i n g  time by c o m p a r i n g  
two m o vements. A simple m o v e m e n t  Involving a forward 
u n i d i r e c t i o n a l  m o v e m e n t  of the arm, and a c o m p l e x  
movement Involving m o v i n g  the arm forward- u p w a r d , 
then b a c k w a r d - d o w n w a r d ,  then straight forward were
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studied. It was p roposed that since r e a c t i o n  time 
Includes the time n e c e s s a r y  to o r g a n i z e  the 
a p p r o p r i a t e  n e u r o m o t o r  program, a more c o m p l e x  
m o v e m e n t  w ould have a g r e a t e r  potential for p rogram  
m o d i f i c a t i o n  and r e o r g a n i z a t i o n .  The a mount of 
I m p r o v e m e n t  w i t h  practice w ould be less for a simple 
m o v e m e n t  than for a c o m p l e x  movement. Fift y - o n e  
subjects p e rformed b oth the simple m o v e m e n t  task and 
the co m p l e x  task. All subjects w e r e  w omen v o l u n t e e r s  
from co l l e g e  p h y s i c a l  e d u c a t i o n  c l a s s e s  and were 
a s s i g n e d  at r a n d o m  to the two groups. The age r ange 
was from 17 to 26 y e a r s  with an a v e r a g e  of 19.96 
years for the simple m o v e m e n t  g r o u p  and an a v erage of 
19.53 years for the c o m p l e x  m o v e m e n t  group. She 
found that l a t e n c y  was l o n g e s t for a m o v e m e n t  that 
Involved two c h a n g es of d i r e c t i on and was spa t i a l l y 
organized In planes. I n t e r e s t i n g l y ,  she found
the r e a c t i o n  time for the simple m o v e m e n t  group 
d e c r e a s e d  an av e r a g e  of 17 ms; and for the c o m p l e x  
m o v e m e n t  g r o u p  r e a c t i o n  time was r e d u c e d  an a v e r a g e  
of 40 ms. The d i f f e r e n c e  b e t w e e n  these two means is 
s i g n i f i c a n t  t - 4.34, p < .01. She c o n c l u d e d  that only 
w hen the c o m p l e x i t y  of the o r g a n i z a t i o n  Is 
s u b s t a n t i a l l y  I n creased does any c o r r e s p o n d i n g  
Increase in re s p o n s e  l a t e n c y  result. This study
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8supports the m e m o r y  drum t h e o r y . However, at least
two other f actors varied a cross the two responses 
which. I n d i v i d u a l l y  or In c o m b i n a t i o n ,  could have 
caused this d i f f e r e n c e  In r e a c t i o n  time. One factor 
was m o v e m e n t  d i s t a n c e  w h i c h  was l o n g e r  for the 
c o m p l e x  m ovement than for the simple m o vement. As a 
result, r esponse dis t a n c e  was I n e x t r i c a b l y  a s s o c i a t e d  
wi t h  the n u m b e r  of m o v e m e n t  parts as the response 
Increased In c o m p l e x i t y .
It should be n oted that the study of r e sponse 
c o m p l e x i t y  and r e s p o n s e  p r o g r a m m i n g  time has not been 
l imited to g ross m otor m o v e m e n t s ,  and that slm l l l a r  
findings have been discovered. Erlksen, P o l l a c k  and 
M o n t a g u e  (1970), d e s i g n e d  a study to e x amine the 
l a t e n c y  In the v o i c i n g  of one- and t h r e e - s y l l a b l e
words. T h e y  v i s u a l l y  p r e s e n t e d  words and t w o-digit 
n u m b e r s  w i t h  I n s t r u c t i o n s  to pronounce the stimuli as 
soon as p o ssible a f t e r  their a p pearance. Ten paid 
subjects (two male) were ob t a i n e d  from the 
u n d e r g r a d u a t e  and gr a d u a t e  p o p u l a t i o n  at the 
U n i v e r s i t y  of Illinois. C h o i ce r e a c t i o n  t ime was 
m e a s u r e d  from s timulus onset to response onset. 
R e s u l t s  showed c h o i c e  r e a c t i o n  time In c r e a s e d  with 
the n u m b e r  of s y l l a b l e s  to be p r o n o u n c e d  F ( 1,8) -
8.12, p < .05. How e v e r ,  both a perc e p t u a l
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r e a d l n g - r e c o g n l tlon process and a r e s p o n s e - p r e p a r a t i o n  
process must Intervene be t w e e n  stimulus onset and 
response onset. Therefore, either perceptual and/or 
response processes could a ccount for these effects.
Sternberg, Monsell, Knoll and Wright (1978) 
eliminated this possible confound by using a simple 
r e action time paradigm. Four female high school 
students w ere used as subjects. The apparatus 
consisted of short list of words and a 
e n e r g y - s e n s i t i v e  speech detector w ith a low 
threshold. The subjects task was to re c 1te the list 
of words a s soon as p o s s i b le after the signal while 
m a intaining a l ow error r a te. For each response two 
measures where taken; the latency measured from 
signal onset to the start of the utterance and the 
d u ration of the response. R e sponse length (number of 
elements) was varied over a range from n = 1 to n =
5. They also m a n i p u l a t e d  element size (duration) by 
varying the number of c o n s t i t u e n t s  (syllables per 
word). 200 trials per day for e ight days, were 
performed. They reported both 1 o^gej__r_ea^_^on"' 
and movement dur a t i o n s  as the n umber of words and the 
n umber of syllables per word Increased.
Continuing the 1hv e s 11g a 1 1 oWS of response
c omp l e x i t y  effects on response progr a m m i n g  time using
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gross m otor m o v e m e n t s ,  G l e n c r o s s  (1972) tested six
subjects, and v aried the res p o n s e  c o m p l e x i t y  of an 
arm sweep m o v e m e n t  by having the subject make several 
pauses or halts In a sequ e n t i a l  movement. Three 
simple rea c t i o n  time series of r e s p o n s e s  were studied 
In w hich subjects had to make one of the following 
resp o n s e s  prior to passing th r o u g h  a p h o t o - e l e c t r i c  
switch: a) finger lift, b) double tapping. In w h i c h
the arm had to be moved so that the hand made a tap 
In e a c h  one of two f e l t - l i n e d  wells, 4 In. deep and 
3 In. wide and, c) triple t apping where three taps
were to be made by the hand In a mo v e m e n t  as
d e s c r i b e d  above.
The r e a c t i o n  time for the small mo v e m e n t  
c o n d i t i o n  was 242 ms and for the two and three tap 
c o n d i t i o n s  r e a c t i o n  times were 276 and 291 ms, 
re spectively. An F (2,10)- 9 . 8 8 , p < .01, Indicated that 
d i f f e r e n c e  b e t w e e n  the mean r e a c t i o n  times were 
significant. This study p r o v i d e s  some e v idence that 
response p r o g r a m m i n g  time is aff e c t e d  by c h anges in
the c o m p l e x i t y  of a response. Such a change in 
r e sponse p r o g r a m m i n g  time would a p p e a r  to require at 
least two timing I n s t r u c t i o n s  In the temporal 
o r g a n i z a t i o n  of the movement. However, since the 
finger lift c o n d i t i o n  had e s s e n t i a l l y  zero m o v e m e n t
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di s t a n c e  w ith a c o r r e s p o n d i n g  m o v e m e n t  time, and the 
two tap c o n d i t i o n  had a l inear m o v e m e n t  of at l e a s t 
18 In. b etween r e a c t i o n  time k ey and m o v e m e n t  time 
key. It may not have been a p p r o p r i a t e  to compare the 
two tasks. Thus, in this study the effect of 
m o v e m e n t  c o m p l e x i t y  on r e s p o n s e  p r o g r a m m i n g  time is 
d i f f i c u l t  to a ssess due to the c o n f o u n d i n g  of 
m o v e m e n t  d i s t a n c e  with m o v e m e n t  c o m plexity.
Choice rea c t i o n  time was used In a study by
/"'Norrle
I-
c.
, (1974) to I n v e s t i g a t e  the ef f e c t s  of m o v e m e n t
^^crmplex,!ty on r e a c t i o n  t i m e. Two g roups of subjects 
w i t h  twent y - f o u r  sub j e c t s  in e ach g r o u p  were tested. 
The age range was 18 to 31 years w i t h  an a v e r a g e  of 
21.5 years ( SD = 3.2 years) In G r o u p  1 and 21.0
years (SD = 2.61 years) In G r o u p  2. G roup 1 p e rformed 
using a simple four Inch movement, and G r o u p  2 
peformed using a c o m p l e x  mov e m e n t .  The simple 
m o v e m e n t  r e q u i r e d  the subject to move h i s / h e r  hand 
forward and press the a p p r o p r i a t e  r e sponse b utton 
w ith h is/her Index finger. The c o m p l e x  m o v e m e n t  
c o n s i s t e d  of having the s ubject first move h is/her 
arm forward 12 Inches to slap a b u t t o n  and then 
r e t u r n  to the a p p r o p r i a t e  res p o n s e  button. Since the 
c o m p l e x  m o v e m e n t  Involved g r e a t e r  d i s t a n c e  as well as 
a l o n g e r  m o v e m e n t  time, a gain the effects of
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c o m p l e x i t y  c a n n o t  be c l e a r l y  e s t a b l i s h e d  due to the 
c o n f o u n d i n g  e f fects of response d u r a t i o n  with 
r esponse complexity.
M o v e m e n t  c o m p l e x i t y  has not been the only 
m o v e m e n t  a t t r i b u t e  to be examined as a po s s i b l e  
factor which e f f e c t s  r e sponse p r o g r a m m i n g  time. 
Klapp and Erwin (1976 Exp. 3) ex a m i n e d  the e f fects of 
re sponse d u r a t i o n  on r e s p o n s e  progr a m m i n g  time. 
R e s p o n s e  d u r a t i o n  was m a n i p u l a t e d  using a d i screte 
arm mov e m e n t  paradigm. The range of res p o n s e  
d u r a t i o n s  I n v e s t i g a t e d  e x t e n d e d  from 150 ms to 1200 
ms. The subject's task was to move a h a ndle that was 
free to travel along a h o r i z o n t a l  trackway. Fixed 
me c h a n i c a l  stops were l o cated 10 cm to the left and 
right of the c e n t r e  s tarting position. The r esponse  
d u r a t i o n s  were p r e s e n t e d  In a r andom order w i t h  60 
trials for e ach subject In each condition. 
T h i r t y - t w o  subjects w ere used. All subjects were 
st udents In I n t r o d u c t o r y  p s y c h o l o g y  at C a l i f o r n i a  
State U n i v e r s i t y ,  H ayward, who p a r t i c i p a t e d  In order 
to fulfill c o u r s e  r e q u i r e m e n t s .  Re a c t i o n  time was
found to be slower prior to l o n g e r  r e sponses for
re s p o n s e  d u r a t i o n s  from 150 to 600 ms, F ( 1,7) « 17.01 
p < .005 .
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Foll o w i n g  these results. I n v e s t i g a t o r s  began to 
con s i d e r  m o v e m e n t  v e l o c i t y  as a possible m o v e m e n t  
at tribute which may a ffect r e s p o n s e  progr a m m i n g  time. 
One of the first studies to r eport v e l o c i t y  ef f e c t s  
on response p r o g r a m m i n g  time was by N e w e l l ,
Ho s h s I z a k l , C arlton and Halbert, ( 1979) w h i c h
Investigated the e f f e c t s  of mo v e m e n t  v e l o c i t y  on 
self-paced response r e a c t i o n  time. The subjects were 
six unpaid student v o l u n t e e r s  from the U n i v e r s i t y  of 
Illinois. The a p p a r a t u s  used consisted of a l inear  
t r ackway w i t h  an up r i g h t  (10 cm) handle on a low 
f r i c t i o n  slide, w h i c h  ran from right to left of the 
subject. Each s u bject c o m p l e t e d  100 trials at e ach 
of four m o v e m e n t  t I m e / d 1 stance conditions: 100 ms at
5 cm; 100 ms at .75 cm; 200 ms at 10 cm; and 200 ms 
at 1.5 cm. The two m o v e m e n t  dis t a n c e s  for e ach 
mo v e m e n t  time were c o m p l e t e d  In the same session.
The o rder of m o v e m e n t  time p r e s e n t a t i o n  was
c o u n t e r b a l a n c e d  for subjects over the two sessions of 
testing which were c o n d u c t e d  over two c o n s e c u t i v e  
days. The d i s t a n c e  p r e s e n t a t i o n  was also 
c o u n t e r b a l a n c e d  w ith m o v e m e n t  time. The an a l y s i s  was 
based on trials 61-100. The m o v e m e n t  t i m e - d 1 s tance 
e f fect was s i g n i f i c a n t  F ( 3,15) = 4.95, p < .05. T here 
were no d i f f e r e n c e s  b e t w e e n  m ovement t i m e - dis tance
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coitdltlon s at e ach _^ave^ a g e  velo c i t y .  It was
c onc l u d e d  that the time n e c e s s a r y  to Initiate
m o v e m e n t  seemed more c l o s e l y  aligned to m o v e m e n t
v e l o c i t y  than to m o v e m e n t  time.
F a l k e n b e r g  and Newell, (1980) examined the 
simple r e a c t i o n  time of three com b 1n a tlon s of 
m o v e m e n t  time and m o v e m e n t  d istance for each of five
average veloc i t i e s .  They used nine d i f f e r e n t  
m o v e m e n t  times: 200, 250, 300, 333, 500, 667, 1000,
1200, and 1333 ms and seven d i f f e r e n t  distances:
1.5, 2.5, 5.0, 10.0, 12.5, 15.0, and 30.0 cm for a 
total of 15 m o v e m e n t  t l m e - d l s t a n c e  co m b i n a t i o n s .  60 
trials were c o m p l e t e d  for each combination. Six 
students from the U n i v e r s i t y  of Ill i n o i s  p a r t i c i p a t e d  
In this e x periment. The a p p a r a t u s  was s l m l l l a r  to 
that used by N e w e l l  et a l . ,(1979). The effect of 
v e l o c i t y  was found to be s i g n i f i c a n t  F ( 2 ,10) = 5.64,
p < .01. However, the type of m o v e m e n t  t l m e - d l s tance 
c o m b i n a t i o n  that g e n e r a t e d  the v e l o c i t i e s  did not 
a f f e c t  r e sponse p r o g r a m m i n g  time F(2,10) = 1.05,
p > .05. The v e l o c i t y  effect was t h erefore Indep e n d e n t 
of m o v e m e n t  time. I n t e r e s t i n g l y ,  d i f f e r e n t  m o v e m e n t  
t I m e - d 1 s tance c o m b i n a t i o n s  w h i c h  g e n e r a t e d  the same 
a verage v e l o c i t y  tended to have s lmlllar response 
p r o g r a m m i n g  times. These f indings are slmlllar to
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the findings of N ewell et a l , ,(1979). The results of 
these two studies reveal that as the average v e locity 
Increased, response p r ogramming time decreased In a 
rather systematic fashion.
Also r e ported In 1980, res e a r c h  by Quinn, 
Schmidt, Zelanlck, Hawkins, and M c F a r q u h a r , (1980) 
e x p e r i m e n t a l l y  v aried movement time to examine the 
effects on rea c t i o n  time. Four subjects (two male), 
ranging in age from 18 to 21 y e a r s , all 
u n d e r g r a d u a t e s  at the U n i v e r s i t y  of S outhern 
California, p a r t i c i p a t e d  In this experiment. They 
found that m o v e m e n t  time did affect reaction time. 
M o v e m e n t  time of 200 ms had a longer reaction time 
than m ovement time of 120 ms, 310 ms and 278 ms 
respectively. This d i fference was significant, 
F(l,3)=10.51, p < .05. One would expect
s i m p le- r e a c t I o n  time to be longer for the longer 
distance c o m p l e x  mov e m e n t ,  and this was supported.
More recent studies have q u estioned the a d equacy 
of the H enry and Rogers, (1960) experiment. Anson 
(1982) compared s l m p l e - r e a c t i o n  time and fractionated
rea c t i o n  time c o m p o n e n t s  for three responses slmlllar 
to those ïTS^ il— by— H e n ry and Rogers ( 1960). Res p o n s e  A 
was a simple finger lift; response E was a forward 
and upward mov e m e n t  of the right hand and arm to
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grasp a ball. Response C had three movement 
direction changes and c o ntact w i t h  three different  
targets. Nine male undergraduate and graduate 
students enrolled at the Pennsy l v a n i a  State 
Un i v e r s i t y  volun t e e r e d  to serve as subjects. Three 
reaction time keys were used. For response A the 
reaction time key was located under the finger tip, 
for the response 6 the key was placed under the 
wrist. The reaction time key for response C was 
positioned behind the elbow. The subject depressed 
all three keys prior to response Initiation. For the 
finger lift, only the finger key was released ; for 
the elbow flexion, the finger and wrist keys were 
released; and for the shoulder flexion, all three 
keys were released. Anson found simple r eaction time 
means of 156 ms, 166ms and 173ms for finger lift, 
elbow flexion, and shoulder flexion respectively. 
There were no a p preciable d i fferences among the 
premotor times, F ( 2 , 2 0 ) “ 1.2 A , p>.05 but there were
significant differences for the motor time means: 39
ms, 52 ms, and 63 ms for finger lift, elbow flexion, 
and shoulder flexion r e s p e c t i v e l y  F ( 2 ,2 0 ) " 2 2 .08, 
p<.01. P ost-hoc tests (Tukey W holly Significant 
Difference) Indicated all pair wise contrasts were 
significant (p< .05). The longer simple reaction
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time was due to an Increase In the motor time
c o m p o n e n t  and Indicated that n o n - c e n t r a l ,
e l e c t r o - m e c h a n i c a l  delays were the principle factors. 
The Increase In simple r e action time b e t w e e n  Response 
A and B p ossibly could be a t tributed to an Increase 
In the size of the a n atomical unit used In the B 
response. In c o m p a r i n g  the diffe r e n c e  In size 
between the Index finger and the arm, the whole arm 
represents a larger r e s i s t a n c e  to change In m o t i o n  
along w i t h  a d i f f e r e n c e  In m u s c u l a t u r e  organization. 
This could result In g r e a t e r  limb segment Inertia to 
be o vercome In order to Initiate that response, as 
compared to the A re s p o n s e  (A n s o n ,1982).
Because An son s" re s e a r c h  was limited to studying 
the cause of the Increase In simple r eaction time
from the A to the B response, Christina, Flschman, 
V e r c r u y s s e n  and Anson (1982) extended Ansons'' 
research. Using slmlllar methods, they conducted a 
series of e x p e r i m e n t s  des i g n e d  to Isolate the locus 
of t h e ^ ^ l m D 1 e _ _ r e a c 1 1on tIme Increase b e tween the 
^^Henry and Rogers (1960) B and C responses. They also 
wanted to d e t e r m i n e  w hether these Increases might be 
a ttr i b u t e d  to factors other than the g reater 
c o m p l e x i t y  of the C response. T h e y  reduced the C
response Into Its less c o m p l e x  c o m p o n e n t  parts and
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l a b e l l e d  them Cl and C2. Cl Involved m o v i n g  from the 
r e a c t i o n  key to hit the first tennis ball. The C2 
r e s p o n s e  was s l i g h t l y  more c o m p l e x  and It Involved 
two m o v e m e n t  parts, moving from the r e a c t i o n  key to 
the first tennis ball and then to a button. Since 
the Cl and the o r i g i n a l  B re s p o n s e  each had one 
move m e n t ,  they s u g g e s t e d  that the two r e s p o n s e s  w o u l d  
be e qual In c o m p l e x i t y .  T w e n t y  male students 
e n r o l l e d  at P e n n s y l a n l a  State U n i v e r s i t y  v o l u n t e e r e d  
to serve as s u b j e c t s  and they ranged In age from 18 
to 28 years. The f i n g e r  simple r e a c t i o n  times for 
the B, Cl, C2, and C r e s p o n s e  w e r e  M » 168 ms; M = 
183 ms; M " 200 ms; M » 200 ms, re s p e c t i v e l y .  The 
e l b o w  simple r e a c t i o n  times for the 6, Cl, C 2 , and C 
r e s p o n s e  were M ■ 173; M » 158; M » 178; and M ■ 182, 
r e s p e c t i v e l y .  A s i g n i f i c a n t  m a i n  e f f e c t  for m o v e m e n t  
I n i t i a t i o n  was found F ( l , 1 8 ) «  5 0 . 1 2 , p < . 001,
I n d i c a t i n g  that simple r e a c t i o n  time m e a s u r e d  at the 
e l b o w  was less than simple r e a c t i o n  time m e a s u r e d  at 
the finger. T h e r e  was also a s i g n i f i c a n t  m o v e m e n t  
i n i t i a t i o n  X r e s p o n s e s  I n t e r a c t i o n ,  F ( 1,18) " 119.74, 
p < .001. A n a l y s i s  of this I n t e r a c t i o n  r e v e a l s  that 
for the Cl r e s p o n s e  the m o v e m e n t  was being I n itiated 
at the elbow, not the finger.
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An expe r i m e n t  by F lschman (1984) Investigated 
the simple r e action time to large scale tapping 
r e s p o n s e s . Response c o m p l e x i t y  was manip u l a t e d  from 
one to five c o n n e c t e d  m ovement parts. T w e n t y - e i g h t  
male subjects were tested. The task was to use a 
hand-held stylus to strike from one to five metal 
targets as r apidly as possible. The main effect for 
number of m o v e m e n t  parts was significant F(3,72) « 
25.96 p . <.001. M ean r e action time Increased 
a p p r o x i m a t e l y  li n e a r l y  w ith the number of targets to 
be contacted, at a rate of 5.0 m s / t a r g e t . The 
percentage of v ariance a c counted for by l i n e a r i t y  was 
93. This e x p e r i m e n t  was limited, h o w e v e r , to the 
study of simple tapping tasks only.
R ecent work by Christina, Flschman, Lambert & 
Moore (1985) c o n t i n u e d  the work of Chri s t i n a  et al. 
(1982). T he same three r esponses were used w ith  
slight m o d ification. The C2 r esponse was adapted so 
that the small target (.79 cm. diameter) could be 
Interchanged w i t h  a large target (8.5 cm. d i a m e t e r ) . 
The Cl response was the same. Fifteen male 
un d e r g r a d u a t e  and g r a d u a t e  students enrolled at the 
P e n n s y l v a n i a  State U n i v e r s i t y  v o l u n t e e r e d  to serve as 
unpaid subjects. The subjects' age ranged from 18 to 
31 years. A one factor repeated measure A NOVA for
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the three r e s p o n s e s  was significant, F(2,28) - 5 4.43, 
p < .001. Tu k e y ' s  WSD p r o c e d u r e  Indicated that simple 
r e a c t i o n  time Increased from Cl response to the 
C2-large target, and from C2-large target to the 
C 2 - s m a l 1 target. T h e s e  findings suggest that the 
m ajor po r t i o n  of the simple rea c t i o n  time Increase 
was due to the Increase In the n u m b e r  of m o v e m e n t 
parts. Also, a small p o rtion of the Increase may be 
a t t r i b u t e d  to an Increase In the demand for a c c u r a c y  
by the r e d u c t i o n  In the target size In the C2 
response. This simple r eaction time Increase Is 
believed to be due to the need for more time to 
prepare the p r ogram for the r e sponse that has more 
m o v e m e n t  parts.
As It has b een I l l u s t r a t e d  above, studies that 
have examined the e f f e c t s  of m o v e m e n t  velocity, 
c o m p l e x i t y  and d i s t a n c e  on res p o n s e  p r o g r a m m i n g  time 
have allowed m ore than one v a r i a b l e  to vary at a 
time. In order to s y s t e m a t i c a l l y  e xamine the effects 
of m o v e m e n t  v e l o c i t y ,  c o m p l e x i t y  and di s t a n c e  on 
response p r o g r a m m i n g  time, g reater control of 
potential c o n f o u n d i n g  v a r i a b l e s  m ust be utilized.
To examine the e f f e c t s  of m o v e m e n t  c o m p l e x i t y  on 
response p r o g r a m m i n g  time, m o v e m e n t  d istance m u s t  be 
held co n s t a n t  while m o v e m e n t  c o m p l e x i t y  Is
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m a n i p u l a t e d .  U n d e r  this const r a i n t ,  It Is suggested 
that re s p o n s e  p r o g r a m m i n g  time will Increase as 
m o v e m e n t  c o m p l e x i t y  I n creases If av e r a g e  m o v e m e n t  
v e l o c i t y  Is allowed to vary, but will not change with 
I n creasing c o m p l e x i t y  If average m o v e m e n t  v e l o c i t y  Is 
held constant. Conversely, In order to e x a m i n e  the 
e f f e c t s  of m o v e m e n t  d i s t a n c e  on response p r o g r a m m i n g  
time, m o v e m e n t  c o m p l e x i t y  m ust be held c o n s t a n t  while 
the m o v e m e n t  d i s t a n c e  Is m a n i p u l a t e d .  U nder this 
constraint. It Is p roposed that response p r o g r a m m i n g
time will Increase as m o v e m e n t  di s t a n c e  Increases If
average m o v e m e n t  v e l o c i t y  Is allowed to v a r y j b u t
not change w i t h  Incr e a s i n g  m o v e m e n t  distance. If' 
the m o v e m e n t  v e l o c i t y  Is held constant. In view of
this the pr e s e n t  study poses four e x p e r i m e n t a l  
hypotheses.
E x p e ri me nt al  H y po th e se s .
1) W i t h  m o v e m e n t  d i s t a n c e  held constant, res p o n s e  
p r o g r a m m i n g  time will I ncrease as m o v e m e n t  c o m p l e x i t y  
Increases w hen m o v e m e n t  v e l o c i t y  Is allowed to vary.
2) W i t h  m o v e m e n t  d i s t a n c e  held constant, r e s p o n s e  
p r o g r a m m i n g  time w ill not change w ith Increasing 
m o v e m e n t  c o m p l e x i t y  w hen m o v e m e n t  v e l o c i t y  Is held 
constant.
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3) W i t h  mov e m e n t  c o m p l e x i t y  held constant, response 
p r o g r a m m i n g  time will Increase as m o v e m e n t  di s t a n c e  
Increases w hen m o v e m e n t  v e l o c i t y  Is a llowed to vary.
4) W i t h  m o v e m e n t  c o m p l e x i t y  held constant, r e s p o n s e  
p r o g r a m m i n g  time w ill not change w i t h  Increasing 
m o v e m e n t  distance when m o v e m e n t  v e l o c i t y  Is held 
cons tant.
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CHAPTER III 
METHODS
S u b j e c t s .
A total of twenty-four (24) volunteered subjects 
from the undergraduate program in kinesiology at the 
University of Windsor (11 male, 13 female) ranging In 
age from 18.4 to 27.3 years, with a mean of 21.5 
years (S .D .= 2.2 yrs.) were tested. All subjects 
received partial credit towards an undergraduate 
course In pyscho-motor learning for participating In 
the experiment.
Apparatus.
The apparatus consisted of a reaction time panel 
b o a r d , one m e t r o n o m e , and two timers. The r e a c t 1on
time board Incorporated two series of lighted 
push-button switches, see Figure. 1 (see also 
Appendix. 1 for a detailed description of the 
apparatus), a home button, and a warning light. Each 
llght-swltch had a diameter of 7 ram. The 
llght-swltches were arranged to maintain high S-R 
compatablllty. This was achieved by locating the 
first llght-swltch for every pattern to the extreme 
left of the remaining llght-swltches of the pattern.
23
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The entire pa t t e r n  was also c o n s t r u c t e d  to form a 
e a s i l y  r e c o g n i z a b l e  and n a t u r a l  c i r c u l a r  m o v e m e n t  In 
the c l o c k w i s e  dire c t i o n .  The c o n f i g u r a t i o n  of the 
l l g h t - s w l t c h e s  was s y m m e t r i c a l  on the board. Both 
series of lights had three specific patterns of 
d i f f e r e n t  c o m p l e x i t y .  P a t t e r n  A used two p u s h - b u t t o n  
l l g h t - s w l t c h e s ;  P a t t e r n  B used three p u s h - b u t t o n  
light- switches, and P a t t e r n  C had a total of four 
p u s h - b u t t o n  l l g h t - s w l t c h e s .  Series ONE had a total 
m o v e m e n t  distance of 75 cm. Series TWO had a total 
m o v e m e n t  d i s t a n c e  of 100 cm. All m e a s u r e m e n t s  were 
from centre to c e n t r e  of e a c h  switch Including the 
r e a c t i o n  t i m e / m o v e m e n t  time (home) button. The first 
switch In the c l o c k w i s e  d i r e c t i o n  In e v e r y  pa t t e r n  of 
b o t h  d i stance series was 25 cm. from the home 
button. A p p r o x i m a t e l y  400 gm. of static force was 
r e q u i r e d  on e a c h  l l g h t - s w l t c h  In order to close Its 
a s s o c i a t e d  relay and each l i g h t - s w i t c h  had to be 
d e pressed a p p r o x i m a t e l y  2 mm. for Its a s s o c i a t e d  
relay to be closed. The w arning light was a white 
lamp, 1.5 cm In dia m e t e r ,  w h i c h  was l o c a t e d  at the 
top centre of the r e a c t i o n  time b o a r d . The w a r n i n g  
light was used to I n d i c a t e  the start of a trial.
Two m i l l i s e c o n d  c h r o n o s c o p e s  w ere used to record 
r e a c t i o n  time and m o v e m e n t  t i m e .
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T a s k .
The task required the subjects to start from a
home switch and move their hand to depress
l l g h t - s w l t c h e s  and fi n a l l y  r e t u r n  to the home switch.
The task had m u l t 1 - p l a n a r  d i m e n s i o n s  In that the arm
m o v e m e n t s  were not all on the same plane. In this 
way, the re s p o n s e  was slmlllar to the type of
m o v e m e n t s  used by H e n r y  and Rogers, (1960) and more 
e l a b o r a t e  than the l i n e a r  m o v e m e n t s  used by
Falke n b e r g  & Newell, (1980). To m l m l m l z e  the
a c c u r a c y  d e mands of the task, the subjects used a #8 
solid rubber stopper, (3.2 cm. diameter) held In
their d o minate hand, to d epress the li g h t e d  switches. 
The subjects w ere p o s i t i o n e d  so that the rubber 
st o p p e r  rested d i r e c t l y  on the home b u t t o n  w h i l e  held 
In their dom i n a t e  hand. The subjects' arm was
a p p r o x i m a t e l y  90 d e g r e e s  In r e l a t i o n  to the front of 
the r e a c t i o n  time b o a r d  w i t h  an e l b o w  flexion of 
a p p r o x i m a t e l y  90 degrees. The e x p e r i m e n t e r  sat to 
the right side of the table b ehind a b a r r i e r  so that 
the subject could not see the c o ntrols, the timing 
devices, or scores being recorded. All subjects
b e g a n  e a c h  trial by d e p r e s s i n g  the home switch and
upon the p r e s e n t a t i o n  of the stimulus, p r oceeded
around the l i ghted pa t t e r n  d e p r e s s i n g  the a p p r o p r i a t e
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l l g h t - s w l t c h e s  In a smooth c o n t i n u o u s  motion. In a 
c loc k w i s e  direction. W i t h  two m o v e m e n t  d i stances (75 
cm and 100 cm) and three movement c o m p l e x i t y  levels 
(2,3, and 4 d i r e c t i o n  changes) a total of six mo v e m e n t  
patterns were examined.
P r o c e d u r e s .
The r e a c t i o n  time board was secured to a 
standard table top and the subject sat In a chair 
placed In front of the r e a c t i o n  time board. For the 
ext e r n a l - p a c e d  condition, a m e t r o n o m e  was connected 
to the first l l g h t - s w l t c h  of e very pattern and began 
as soon as the first l l g h t - s w l t c h  was depressed.
Subjects were tested under both a self-paced 
v e l o c i t y  and a e x t e r n a l - p a c e d  v e l o c i t y  condition. In 
the self-paced c o n d 1 t o n , subjects were told to perform 
the response as fast as possible. For the 
e x t e r n a l - p a c e d  c o ndition, the subjects were required 
to hit the a p p r o p r i a t e  buttons to the cadence of the 
m e t r o n o m e . The m e t r o n o m e  started only after the 
first l l g h t - s w l t c h  of the mov e m e n t  sequence was 
depressed. In this way, the c o nflict of trying to 
react fast and move slow was eliminated. The 
c adance was set so that the total m o v e m e n t  du r a t i o n 
was the same for all levels of m o v e m e n t  c o m p l e x i t y
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at any one m o vement d i s t a n c e  c o n d i t i o n  (see T a b l e  1).
A p i l o t - tes t was c o n d u c t e d  to d e t e r m i n e  the 
m o v e m e n t  time from the home b u t t o n  to the first 
l l g h t - s w l t c h .  T hree subjects (1 male) ra n g i n g  In age 
from 20.0 y e a r s  to 23.8 years with a mean of 22.0 
years (SD» 1.9 years) were used. All subjects were 
naive to the task and from the same ge n e r a l  
p o p u l a t i o n  as the rest of the s ubjects used In this 
study. The a p p a r a t u s  was the same. The task 
r e q u i r e d  the s ubjects to release the home b u t t o n  and 
move to the first l l g h t - s w l t c h  only. The first 
l l g h t - s w l t c h  was located 25 cm from the home button. 
S u b j e c t s  were told to p e r f o r m  the task as fast as 
possible. Each subject p e r f o r m e d  twenty trials. 
M o v e m e n t  time was m e a s u r e d  in m i l l i s e c o n d s .
A single m ean v a l u e  of 403 ms ( SD» 31.6) was 
o b t a i n e d  from the c o m b i n e d  scores of all three 
subjects. This v alue was r o u n d e d  off to 400 ms and 
used to r e p r e s e n t  that portion of the total m o v e m e n t  
time used to move to the first l i g h t - s w i t c h .  The 
total m o v e m e n t  d u r a t i o n  for the 75 cm. m o v e m e n t  
d i s t a n c e  c o n d i t i o n  was 2000 ms. For the 100 cm. 
m o v e m e n t  d i s t a n c e  c o n d i t i o n ,  the total m o v e m e n t  
d u r a t i o n  was 2666 ms. This r e sults in b o t h  the 75 
cm. and the 100 cm. m o v e m e n t  c o n d i t i o n s  having the 
same a v e r a g e  v e l o c i t y  of 37.5 cm/sec.
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T e s t i n g  was c o n d u c t e d  o ver two sessions. T e s t  
sessions were e a c h  on a separate day. D u r i n g  the 
first session, s u bjects were ass i g n e d  a l t e r n a t e l y  to 
one of the two v e l o c i t y  c o n d i t i o n s  as they a rrived at 
the testing station. S u bjects received the 
c o m p l e m e n t  c o n d i t i o n  for s ession two. At each 
session, s ubjects were tested u nder all six m o v e m e n t  
patterns. T h e  o r d e r  of p r e s e n t a t i o n  of the m o v e m e n t  
p a t t e r n s  for each subject fallowed the W i l l i a m s  
S q u a r e  (Table 2), w h i c h  c o n t r o l l e d  for o rder and 
c a r r y - o v e r  effects. Ten (10) p r a c t i c e  trials and 
e i g h t  (8) test trials, for e a c h  of the six (6) 
m o v e m e n t  pat t e r n s  for a total of 108 o b s e r v a t i o n s  for 
each subject, were r e c o r d e d  d u r i n g  each session. T he 
task was e x p l a i n e d  and d e m o n s t r a t e d  to each subject 
and verbal I n s t r u c t i o n s  were read by the e x p e r i m e n t e r  
(see A p p e n d i x .  2). Each subject was told that the
testing w o u l d  be c o n d u c t e d  to d e t e r m i n e  hi s / h e r
r e a c t i o n  time and m o v e m e n t  time to a c o m p l e x  task.
The f o l l o w i n g  p r o c e d u r e  was used for e a c h  
trial of the e x t e r n a l - p a c e d  c o ndition: a) the
e x p e r i m e n t e r  precued the s u bject as to the re q u i r e d  
c a d e n c e  of the m e t r o n o m e .  S u b j e c t  was r e quired to 
tap the home b u t t o n  until c o m f o r t a b l e  w i t h  the
ca d e n c e ,  b) the e x p e r i m e n t e r  then p recued the s ubject
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T able 2
O r d e r  of P r e s e n t a t i o n  of Comp l e x i t y  L e v e l s  to Subjects
Subj ect O rder of p rés e n t â t  Ion
nu m b e r 1 2 3 4 5 6
1, 7, 13, 19 lA IB 20 10 2B 2A
2, 8, 14, 20 IB 10 lA 2A 20 2B
3, 9, 15, 21 1C 2A IB 2B lA 20
4, 10, 16, 22 2A 2B 10 20 IB lA
5, 11, 17, 23 2B 20 2A lA 10 IB
6, 12, 18, 24 2C lA 2B IB 2A 10
as to the c o r r e c t  re s p o n s e  1 A, IB, 10, 2A, 2B, or 20, 
c) the warning light was Illuminated, followed by a 
r a n d o m l y  selected 1, 2, 3, or 4 second foreperiod, 
and d) the r esponse stimulus occurred.
For the self-paced c o n d i t i o n  the same b a l a n c e d  
square design of stimuli p r e s e n t a t i o n  as for the 
e x t e r n a l - p a c e d  c o n d i t i o n  was used. The self-paced 
condition, however, did not have a m e t r o n o m e  cadence 
to follow and Instead the subjects were Instructed to 
move as fast as possible. O t h e r  proc e d u r e s  were 
e x actly the same for both c o n ditions. Each subject
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performed ten (10) practice trials and eight (8) test 
trials In each response condition. The data recorded 
following each trial cons i s t e d  of the reaction time 
and the m o vement time of the response measured In 
m i l l I s e c o n d s .
An acceptable trial was defined as performance 
of the task In a s m o o t h  cont i n u o u s  mov e m e n t  between 
switches, with no errors. Errors could result from 
either: a) Initiation of a response before stimulus
onset, or b) failure to contact any of the required 
l l g h t - s w l t c h e s  during the response. Reaction times 
greater than 1000 ms were considered to represent 
Inattention, and reaction times less than 30 ms were 
considered as anticip a t i o n s .  T hese trials were 
repeated I m mediately following their occurence. No 
trials were repeated during the practice session 
(First 10 trials). All observ a t i o n s  were recorded by 
the experimenter. The session time allotted for each 
subject was sixty (60) m i nutes or until testing was 
complete. At the c o n c l u s i o n  of the testing, subjects 
were thanked for their p a r t i c i p a t i o n  and debriefed.
Experimental Design.
The design Is a three f a c t o r i a l , with all 
factors repeated and fixed. The three factors are
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m o v e m e n t v e l o c i t y  pace, m o v e m e n t  c o m p l e x i t y  and
 •
m o v m e n t  distance. M o v e m e n t  v e l o c i t y  pace has two
'
levels: -serif- paced and e x t e r n a l - p a c e d  ; m o v e m e n t
c o m p l e x i t y  has three levels: 2, 3, and 4 d l r e c t l o n ^ ^ ^
c h anges and m o v e m e n t  d i s t a n c e  also has two levels:
75 and 100 ce n t i m e  tres.
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CHAPTER IV
R ESULTS
In o rder to a t t r i b u t e  the changes in r e a c t i o n  
time of the v a r i o u s  m o v e m e n t  c o n d i t i o n s  to changes in 
res p o n s e  p r o g r a m m i n g  time, as previ o u s l y  stated 
c e r t a i n  co n t r o l s  m ust exist. A r e p o r t  on the 
e f f e c t i v e n e s s  of the e x p e r i m e n t a l  c o n t r o l s  utilized 
in this study w ill be d i s c u s s e d  first followed by the 
data an a l y s i s  for the e x p e r i m e n t a l  e f f e c t s .
E x p e r i m e n t a l  Controls: A n alysis of P o t e n t i a l  C o n f o u n d i n g
Va r i a b l e  s .
V e l o c i t y  P r e s e n t a t i o n  O r d e r  
As o n e - h a l f  of the subjects (Group 1) r e ceived 
the self-paced c o n d i t i o n  first followed by the 
e x t e r n a l - p a c e d  c o n d i t i o n  and the o ther o n e - h a l f
(Group 2) r e ceived the c o n d i t i o n s  in reverse order it
must be shown that d i f f e r e n c e s  in r e action times 
b e t w e e n  these two groups were not due to the o rder of 
v e l o c i t y  presen t a t i o n .  A 2 X2X3X2 A N O V A  ( v e l o c i t y
p r e s e n t a t i o n  o r d e r  X m o v e m e n t  v e l o c i t y  pace X
m o v e m e n t  c o m p l e x i t y  X m o v e m e n t  distance) w ith
34
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re p e a t e d  m e a s u r e s  on the l ast three f actors was
p e rformed ( A p p e n d i x  3, T able A). V e l o c i t y
p r e s e n t a t i o n  order was the only e ffect of interest in 
this a n a l y s i s  and is the o nly one pres e n t e d .
V e l o c i t y  p r e s e n t a t i o n  o r d e r  was not s i g n i f i c a n t
F ( 1,2 2) - 0.29, p " .59. All i n t e r a c t i o n s  with
v e l o c i t y  o rder p r e s e n t a t i o n  failed to r e a c h
s t a t i s t i c a l  s i g n i f i c a n c e .  C o n s e q u e n t l y  the p o t e n t i a l  
for v e l o c i t y  p r e s e n t a t i o n  o r d e r  to c o n f o u n d  the data 
of this s tudy was e l i m i n a t e d .
S t i m u l u s  I d e n t i f i c a t i o n  Time 
To e l i m i n a t e  the p o s s i b l i l i t y  that p e r c e p t u a l  
p r o c e s s e s  are the cause of any r e a c t i o n  time
d i f f e r e n c e s  the time r e q u i r e d  to ideiLtlly each-J3f_ the 
six m o v e m e n t  p a t t e r n s  m ust be equal. To test this.
s i x ' v o l u n t e er s u b j e c t s  (2 male, 4 female) w i t h  a m e a n  
age of 21.7 y ears ( SD ■ 1.3 years) w ere used. All 
sub j e c t s  were d r a w n  from the same p o p u l a t i o n  as the 
24 sub j e c t s  used in the s t u d y  and were naive to the 
task. The a p p a r a t u s  used in the study was e m p l o y e d  
for this test. I d e n t i c a l  p r o c e d u r e s  were f ollowed 
w i t h  one e x c e p t i o n  - s u b j e c t s  n e v e r  made the m o v e m e n t  
a fter r e l e a s i n g  the r e a c t i o n  time b u t t o n  upon 
r e c e i v i n g  the s t i m u l u s  m o v e m e n t  pattern. A 2 X 3
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A N O V A  (mo v e m e n t  d i s t a n c e  X compl e x i t y )  with repeated 
m e a s u r e s  on b o t h  factors was p e rformed using stimulus 
i d e n t i f i c a t i o n  r e a c t i o n  times for the six m o v e m e n t  
patterns ( A p p e n d i x  3, T a b l e  B ) . A n o n - s i g n i f i c a n t  
c o m p l e x i t y  e ffect F(2,10) » 0.93, p - . 43 and a
n o n - s i g n i f l e a n t  d i s t a n c e  e f f e c t  F ( 1,5) - 0.84, p«.40
were found. This indicated that d i f f e r e n c e s  in 
r e a c t i o n  times will not be due to the perc e p t u a l 
i d e n t i f i c a t i o n  processes.
M o v e m e n t  V e l o c i t y  
To e l i m i n a t e  the c o n f o u n d i n g  of mov e m e n t
c o m p l e x i t y  and/or m o v e m e n t  d i s t a n c e  with m o v e m e n t
v e l o c i t y  v e r i f i c a t i o n  was n e c e s s a r y  that the 
subject's m o v e m e n t  v e l o c i t y  under the
e x t e r n a l l y - p a ced c o n d i t i o n  was c o n s t a n t  at 37.5
1—^  \le\oc Wr4
c m / s e c . By c o n t r o l l i n g  the av e r a g e  m o v e m e n t
v e locity, c h a n g e s  in r e a c t i o n  time may be a t t r i b u t e d  
to c h a n g e s  in m o v e m e n t  c o m p l e x i t y  a nd/or m o v e m e n t  
d i stance. In the s e lf-paced v e l o c i t y  c o n d i t i o n  
subjects were inst r u c t e d  to perform the m o v e m e n t  
r e sponse as fast as possible. Figure 2 co n t a i n s  the
average m o v e m e n t  v e l o c i t i e s  of the two v e l o c i t y
condi t i o n s .  As can be seen the s e lf-paced c o n d i t i o n  
r esulted in m uch faster v e l o c i t i e s  at all levels of
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m o v e m e n t  c o m p l e x i t y  and m o v e m e n t  distance. Subjects 
were also succ e s s f u l  in pro d u c i n g  the m o v e m e n t  
v e l o c i t i e s  required for the e x t e r n a l l y - p a c e d  
condition. Â 2 X 3 X 2 A N O V A  (mo v e m e n t  v e l o c i t y  pace 
X m o vement c o m p l e x i t y  X m o v e m e n t  distance) w ith  
repeated m e a s u r e s  on all factors using v e l o c i t y  
scores was performed to d e t e r m i n e  the success of the 
e x t e r n a l - p a c e d  c o n d i t i o n  to co n t r o l  movement
v e l o c i t y ( A p p e n d i x  3, T able C) . The e x t e r n a l - p a c e d  
c o n d i t i o n  had average m o v e m e n t  v e l o c i t y  c o n t r o l l e d  
and the s e lf-paced c o n d i t i o n  did not. S i g n i f i c a n t
main e f f e c t s  for V e l o c i t y  pace F ( 1,23) = 1083.69,
p = . 0001 ; M o v e m e n t  c o m p l e x i t y  F ( 2,46) = 431.63 ,
p = .0001 ; and M o v e m e n t F( 1 , 23) = 114.79,
p - .0001 were found. I n t e r a c t i o n s  of v e l o c i t y  pace X 
c o m p l e x i t y  and v e l o c i t y  pace X d i s t a n c e  were the only 
effects of interest in this a n alysis and are the only 
ones presented. A s i g n i f i c a n t  v e l o c i t y  pace X
c o m p l e x i t y  i n t e r a c t i o n  F ( 2,46) - 382.79, p=.0001 and 
a s i gnificant v e l o c i t y  pace X d i s t a n c e  i n t e r a c t i o n  
F ( 2,46) » 69.94, p«.0001 were found. Simple ef f e c t s
tests using a v erage m o v e m e n t  v e l o c i t y  were performed 
at e a c h  c o m p l e x i t y  level and revealed that the
^ e l f - p a c e d  c o n d i t i o n  had g r e a ter av e r a g e  m o vement
v e l o c i t i e s  than the e x t e r n a l - p a c e d  c o n d i t i o n  at all
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levels of c o mplexity (Appendix 3, Table D). Further 
analysis revealed that for the external-paced
condition, the velocities were not significantly
different across levels of complexity F(2,46) - 0.51, 
p > .01 (Appendix 3, Table E). Movement distance was 
also found to be non significant F ( 1,1) - 0.5A, p > .01 
(Appendix 3, Table F ) . These data indicated that 
the velocity was successfully paced by the metronome 
at the required cri t e r i o n  average velocity of 37.5 
c m / s e c ,
Experimental Effects; Ana 1 vs i s of Movement
A t t r i b u t e s .
Neither the o rder of movement velocities 
presented to the subjects nor the time to identify 
the stimulus affected the reaction time. However, the 
fact that average m ovement velocity decreased with
increasing movement complexity in the self-paced
condition may cause some concern in interpreting the 
data. This issue will be addressed at that time. 
Movement velocity effects will be presented with the 
complexity and distance data for purposes of clarity. 
Differences were a c ceptable if they reached 
significance at an alpha level of .01.
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M o v e m e n t  Complexity 
In the s e lf-paced c o n d i t i o n  where v e l o c i t y  was 
allowed to vary it was h y p o t h e s i z e d  that reaction 
time would increase w i t h  i n creasing m o vement  
jC_o_mpiexjjtj^^ but in the ^exjLernally-pac^^ ^  c o n d i t i o n  
where v e l o c i t y  was not a llowed to v ary it was 
hypot h e s i z e d  that rea c t i o n  time would not be a f f e c t e d
by an increase in m o v e m e n t  c o m p l e x i t y . These
pr e d i c t i o n s  apply to both m o v e m e n t  distances. Â 2 X
3 X 2 A N O V A ( m o v e m e n t  v e l o c i t y  X m o v e m e n t  c o m p l e x i t y  
X m o v e m e n t  distance) with repeated m e a s u res on all 
factors was performed to d e t e r m i n e  the s t r e n g t h  of 
these p r edictions ( A p p e n d i x  3, T able G). The 
m o v e m e n t  c o m p lexity main effect is signi f i c a n t  
F(2,46) « 13.34, p».0001 supp o r t i n g  the hypot h e s i s
that increasing m o v e m e n t  c o m p l e x i t y  increases the
time required to program an a p p r o p r i a t e  response.
However, the s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  v e l o c i t y  
pace w i t h  m o v e m e n t  c o m p l e x i t y  F ( 2,46) » 7.04. p - .002 
indicates that o n l y  one of the v e l o c i t y  c o n d i t i o n s  
provided the e n v i r o n m e n t  n e c e s s a r y  to produce a 
m o v e m e n t  c o m p l e x i t y  effect. This r e l a t i o n s h i p  can be 
seen in F igure 3.
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F igure 3. R e a c t i o n  time as a fu n c t i o n  of response 
c o m p l e x i t y  and m o v e m e n t  dis t a n c e  at two levels of 
v e l o c i t y  pace.
The simple e f f e c t s  a n a l y s i s  of the I n t e r a c t i o n  of 
mov e m e n t  v e l o c i t y  X c o m p l e x i t y  for r e a c t i o n  time 
re vealed that the v e l o c i t y  pace d i f f e r e n c e s  exist at
2 d i r e c t i o n  ch a n g e s  F(l,46) 21.99, p<.01 and 3
d i r e c t i o n  c h a n g e s  F(l,46) * 8.66, p < .01 but n o t  for 4
dire c t i o n  c h a n g e s  F ( 1,46) « 0.27, p > .01 ( A p p e n d i x  3,
Table H ) . ilrj'ects p r ogrammed their m o v e m e n t  faster
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when s e lf-paced than w h e n  they were e x t e r n a l l y - p a c e d  
at all l e vels of m o v e m e n t  c o m p l e x i t y  e x c e p t  for the 
most complex. The lack of any d i f f e r e n c e  at the four 
d i r e c t i o n  change level of c o m p l e x i t y  in reaction time 
is be c a u s e  average m o v e m e n t  v e l o c i t y  did not r e m a i n  
con s t a n t  a c r o s s  all levels of complexity. For the 
self-paced c o n d i t i o n  as the m o v e m e n t  c o m p l e x i t y
increa sed m o v e m e n t  v e l o c i t y  d e c r e a s e d  from 122.0
c m/sec to 79.5 c m / s e c  still, the average m o v e m e n t
veloc 1 ty-"fo1r” the s e l f - p a c e d  c o n d i t i o n  at the most
co m p l e x  le_^ e l — — va-s— — twice  as fast as the
e x t e r n a l - p a c e d  c o n d i t i o n ^  It is p o ssible that there
e xists a cri t i c a l  a v e r a g e  m o v e m e n t  v e l o c i t y  that is 
required b e fore v e l o c i t y  has any a f f e c t  on re s p o n s e 
p r o g r a m m i n g  time and the a verage m o v e m e n t  v e l o c i t y  at 
the four d i r e c t i o n  c h a n g e  level of c o m p l e x i t y  was 
less than this c r i t i c a l  value. Of course, this 
e x p l a n a t i o n  is s p e c u l a t i v e  and must be s ubjected to 
di r e c t  e m p i r i c a l  v a l i d a t i o n .
M o v e m e n t  Dis t a n c e  
In the s e l f - p a c e  cond i t i o n ,  w hen m o v e m e n t  
v e l o c i t y  was al l o w e d  to vary it was h y p o t h e s i z e d  that 
rea c t i o n  time would increase w ith increasing the
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distance to move but in the e x t e r n a l l y - p a c e d  
condition, when v e l o c i t y  was not allowed to v a r y  it 
was h y p o t h e s i z e d  that incr e a s i n g  the distance to move 
w o u l d  not increase the rea c t i o n  time. T h e s e 
predi c t i o n s  applied to all three levels of m o v e m e n t  
c o m p l e x i t y  e mployed in this study.
From the o r i g i n a l  2 X 3 X 2  A N O V A  (movement 
v e l o c i t y  pace X m o v e m e n t  c o m p l e x i t y  X m o v e m e n t  
distance) w ith repeated m e a s u r e s  on all factors using 
r e a c t i o n  times, n e i t h e r  a m o v e m e n t  distance e f fect
F ( 1 , 2 3 )  -  5 . 1 1 ,  P - . 0 3  n or a m o v e m e n t  v e l o c i t y  pace X 
movraent d i s t a n c e  i n t e r a c t i o n  F ( 1 , 2 3 )  « 0 . 2 3 ,  p " . 6350  
was f o u n d . For the the e x t e r n a l l y - p a c e d  c o n d i t i o n 
the m e a n  res p o n s e  p r o g r a m m i n g  times for the 75 cm and 
1 0 0 CHL m o v e m e n t  d i s t a n c e  were 221 and 228
m i l l i s e c o n d s  r e s p e c t i v e l y .  For the self-paced
c o n d i t i o n  the response p r o g r a m m i n g  times were 213 and 
217 m i l l i s e c o n d s  for the 75 cm and 100 cm m o v e m e n t
di s t a n c e  re s p e c t i v e l y .  I n c r e a s i n g  d i s t a n ce to move 
d id n ot increase t h e time to p r o g r a m  a motor re s p o n s e  
in e ither the self or the e x t e r n a l l y  paced 
c o nditions. Co n s e q u e n t l y ,  m o v e m e n t  v e l o c i t y  when 
held c o n s t a n t  ( e x t e r n a l - p a c e d  cond i t i o n )  elim i n a t e d  
any m o v e m e n t  d i s t a n c e  e ffect on response p r o g r a m m i n g  
time. T h e  q u e s t i o n  is w h y , w hen m o v e m e n t  v e l o c i t y  is
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free to vary, was there no distance effect. The 
answer may lie In the fact that in the self-paced 
condition the difference in movement velocity between 
the 75 cm and the 100 cm distance was only 13 
c m / s e c o n d . These two velocities may not have been 
different enough to show the confounding effect of 
movement velocity on response programming time when 
preparing movements of different distances. Further 
research is required utilizing a greater range of 
movement distances to explore this finding.
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CH A P T E R  V
D I S C U S S I O N
An I n v e s t i g a t i o n  has been made of the e ffect of 
mo v e m e n t  vel o c i t y ,  c o m p l e x i t y  and mo v e m e n t  d i s t a n c e  
on response p r o g r a m m i n g  time. T w e n t y - f o u r  v o l u n t e e r  
subjects (11 male, 13 female) with a mean age of 21.5 
years (S .D .- 2.2 yrs.) were a s signed a l t e r n a t e l y  to
one of two groups. In G r o u p  One the subjects
performed the m o v e m e n t  task under a self-paced 
v e l o c i t y  c o n d i t i o n  first followed by an 
e x t e r n a l - p a c e d  v e l o c i t y  condition. G r o u p  Two
performed the m o v e m e n t  task first under 
e x t e r n a l - p a c e d  c o n d i t i o n  then followed by the 
self-paced cond i t i o n .  For the e x t e r n a l - p a c e d  
v e l o c i t y  cond i t i o n ,  s u bjects were instructed to 
perform the m o v e m e n t  task to the c a dence of a 
m e t r o n o m e  which was set so that the average m o v e m e n t  
v e l o c i t y  for all mov e m e n t  c o n d i t i o n s  was 37.5 c m / s e c . 
T his e l i m i n a t e d  typical c o n f o u n d i n g  of m o v e m e n t 
v e l o c i t y  with m o v e m e n t  complexity. For the
self-paced v e l o c i t y  c o n d i t i o n  subjects were told to 
perform the task as q u i c k l y  as possible. W i t h  three 
levels of c o m p l e x i t y  (2, 3, and 4 changes in m o v e m e n t
45
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direction) and two levels of m o vement distance (75 cm 
and 100 cm.), a total of six movement conditions were 
examined under each v e l o c i t y  pace. Order of 
presentation of the movement c o nditions to the 
subjects was balanced by following the la tin square 
principle, using the Williams'' Square design.
Simple r e action time and total movement time 
were collected for each subject. Total m ovement time 
was used to c a lculate the average movement v e locity 
for e a c h response. Simple reaction time was used to 
measure response progr a m m i n g  time. H e n r y  and Rogers 
(I960) m e mory drum theory predicted increased 
response progr a m m i n g  time with increased task 
complexity. However, serious design questions must 
be raised regarding their findings. Their study did 
not control for m ovement time, movement distance or
m ovement v e l o c i ty. The present study controlled for 
all three of these m o vement parameters. The present 
data indicated that the response programming time
increased with increasing c o m p l e x i t y  but only when
the movement_x.e-iLacJ.t-y— was— a-llnwed —  t^ o— \Laziy. Henry and 
Rogers results were not s u p ported by the p resent data 
when movement v e l o c i t y  was held constant. These 
findings offer support for the first experimental 
hypothesis.
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Another possible c o n f o u n d  has been i d entified by 
An s o n , (1982). He e x a m i n e d  three res p o n s e s  s i miliar
to the H enry & Rogers, (1960) study, but incor p o r a t e d  
the use of f r a c t i o n a t e d  rea c t i o n  times in an a t t e m p t  
to isolate w hich segment of the limb had initiated 
each of the v a r i o u s  movem e n t s .  T h e  results of their 
study indicated that the v a r i o u s  m o v e m e n t s  were 
i nitiated from d i f f e r e n t  limb segments. This 
suggests that ..the initial m o v e m e n t  of the response 
may be a m o v e m e n t  p a r a m e t e r  that a ffects response 
p r ogamming time. As the c o m p l e x i t y  of the task 
changed, the initial m o v e m e n t  segment of the response 
varied, thus po s s i b l e  c o n f o u n d i n g  of m o v e m e n t
c o m p l e x i t y  and initial m o v e m e n t  segment occurred.
The present study e l i m i n a t e d  this con f o u n d  in g b y  
having the initial m o v e m e n t  segment for all m o v e m e n t  
r e s p o n s e s  c o n s t a n t  at 25 cm from the start position. 
Also, all m o v e m e n t s  were in the same general 
d i r e c t i o n  and used the same type of arm movement. 
W i t h  the initial m o v e m e n t  segment held con s t a n t  and 
m o v e m e n t  v e l o c i t y  a l l o w e d  to vary, an increase in 
r esponse p r o g r a m m i n g  time was found when m o v e m e n t  
c o m p l e x i t y  was increased.
In the p resent study when the m o v e m e n t  v e l o c i t y  
is held constant, incre a s i n g  mo v e m e n t  c o m p l e x i t y  did
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not cause a change In the response programming time 
of the response. This finding offers support for 
the findings of Christina, Fischman, Lambert & Moore, 
(1985) who examined fractionated reaction time and 
found that the m ajor portion of the simple reaction 
time increase was due to the increase in the number 
of m ovement parts. However, in the present study, 
when v e l o c i t y  was allowed to vary increasing
c o mplexity did not c ause a change in response 
programming time _jwhich is in conflict with their
results. This con f l i c t  may be due to the fact that
they made no a t t e m p t  at e l i m i n a t i o n  or control for 
possible confound of m o v e m e n t  c o m p l e x i t y  with
movement velocity and/or m ovement distance. U t i l i z a t i o n  
of a constant average v e l o c i t y  cond i t i o n  eliminated the 
confounding of mov e m e n t  vel o c i t y  w ith movement 
complexity. P r esent results indicate that the
c o mplexity main effect is s i gnificant o nly for the 
self-paced (velocity varies) condition. For the 
self-paced condition, as c o m p l e x i t y  increases, a
c o r r e s p o n d i n g  d e crease in the movement v e l o c i t y  was 
observed. In order to p erform a more c omplex task 
w i t h  reasonable a c c u r a c y . subjects a p p a r e n t l y  
decrease their m o v e m e n t  velocity. The effects of 
compl e x i t y  on response programming time may a c t u a l l y
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be the result of changes In average m o v e m e n t  
velocity. This p o s i t i o n  is s u p p o r t e d  by the fact
that for the e x t e r n a l - p a c e d  ( v e l o c i t y  constant)
condition, a change in c o m p l e x i t y  is not a c c o m p a n i e d
by any s i g n i f i c a n t  c hange in res p o n s e  progr a m m i n g
time. The data ther e f o r e  supports the second
e x p e r i m e n t a l  h ypothes i s .
P r e v i o u s  studies that exa m i n e d  the e ffects of 
m o v e m e n t  d istance on r esponse p r o g r a m m i n g  time 
a l l o w e d  m o r e  than one m o v e m e n t  a t t r i b u t e  to vary 
a cross c o n d i t i o n s  at any one time. W h e n  e x a m i n i n g  
the e f fects of m o v e m e n t  d i s t a n c e  on response 
p r o g r a m m i n g  time, m o v e m e n t  c o m p l e x i t y  and m o v e m e n t  
v e l o c i t y  must be held constant. The r e sults of the 
present study indicate that in c r e a s i n g  the m o v e m e n t  
distance of a re s p o n s e  from 75 cm to 100 cm does not
affect the res p o n s e  p r o g r a m m i n g  time. This is found 
wh e t h e r  the v e l o c i t y  is held co n s t a n t
(e x t e r n a l - p a c e d ) or al l o w e d  to vary ( s e l f - p a c e d ).
From these results, support ls_ 
third e x p e r i m e n t a l  h y pothesis. F i nding no mo v e m e n t  
d i s t a n c e  effect on r esponse p r o g r a m m i n g  time may be 
the r esult of the m a g n i t u d e  of the change in m o v e m e n t  
distance. T h i s  change in m o v e m e n t  dis t a n c e  may not 
have been large e n o u g h  to affect the average m o v e m e n t
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v e l o c i t y  to an extent that it would cause a change in 
the p r ogramming time of the response. Further
r e s e a r c h  c o n t i n u i n g  along the lines of the present 
study but uti l i z i n g  a g r e a t e r  range of mov e m e n t 
distances, is required to further examine this 
finding.
From the p resent study, when mov e m e n t  v e l o c i t y  
is held c o n s t a n t  ( e x t e r n a l - p a c e d )  response 
progr a m m i n g  time does not c h a n g e  w ith increasing
m o v e m e n t  distance. This finding o f f e r s  support for 
the fourth e x p e r i m e n t a l  h y pothesis. When movement 
d i s t a n c e  is i n creased from 75 cm to 100 cm no
signi f i c a n t  increase in response progr a m m i n g  time is 
observed. T his f i nding is not in a g r e e m e n t  w ith a 
study by G l e n c r o s s  (1972) w hich reported an increase 
in rea c t i o n  time of a self-paced task by c o m p a r i n g  
two m o vements: a simple finger lift with a m o vement
distance of a p p r o x i a m a t e l y  2 mm, and a c omplex
m o v e m e n t  requiring the subject to move their hand
over a d i s t a n c e  of 18 in. while m aking a n u m b e r  of
pauses. Since both m o v e m e n t  di s t a n c e  and movement 
c o m p l e x i t y  v aried it is not clear from these results 
w h i c h  of these m o v e m e n t  v a r i a b l e s  were respo n s i b l e
for the increase in r e a c t i o n  time. Further, since 
m ov e m e n t  v e l o c i t y  was allowed to vary, it is not
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known If the average m o v e m e n t  v e l o c i t y  for the two 
m o v e m e n t s  w ere the same. Thus the reported e f f e c t s  of 
m o v e m e n t  di s t a n c e  on re s p o n s e  p r o g r a m m i n g  time is 
c o n f o u n d e d  with m o v e m e n t  c o m p l e x i t y  and m o v e m e n t 
v eloc i t y ,
The r esults of the present study support the 
findings of Falk e n b e r g  and N e w e l l , (1980), who
reported that as the v e l o c i t y  of the mov e m e n t  
Increases, r e s p o n s e  p r o g r a m m i n g  time decreases. In 
the p resent study, this was also found for all levels 
of c o m p l e x i t y  and distance. The present r esults 
extend the F a l k e n b e r g  and Newell f i ndings by using a
more elaborate type of m o v e m e n t  pattern. The task 
used in the F a l k e n b e r g  and Newell study utilized a 
l inear trackway with an upright handle on a low 
friction slide. Subjects in the c urrent study are 
required to make a n u m b e r  of pre c i s i o n  stops and
m o v e m e n t  d i r e c t i o n  changes in a m u l t i - p l a n a r  m a n n e r .
This task was d e signed to be s i m i l i a r  to the o riginal 
H e n r y  and Rogers (1960) c o m p l e x  m o v e m e n t  pattern. 
The finding that a v e l o c i t y  effect is evident for a 
c o m p l e x  m u l t i - p l a n a r  mov e m e n t  task as well as a 
linear p o s i t i o n i n g  task offers subst a n t i a l  support 
for m o v e m e n t  v e l o c i t y  being a c r itical m o v e m e n t 
a ttr i b u t e  in r e sponse p r ogramming.
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From the results of the present study, average 
movement velocity is a critical movement response 
attribute of response programming time. Higher v elocity 
movements were initiated more rapidly. Falkenberg 
and Newell (1980) suggested an e x planation for this 
finding may be found in the theory that movements are 
controlled through the inhibition of all fibers but 
those n ecessary to the m o v e m e n t  (Basmajian, 1977). 
According to this theory, s 1 o w = a ve r a g e : ve 1 o c i t y:
movement s require mare % control', through the
Inhibition of more muscle fibers, than faster average 
v e locity movements. Support for this position can be 
found in e l e c t r o m y o g r a m  studies that measure single 
motor - u n i t  r e action times (Kimm and Sutton, 1973;
M a ton and Bouisset, 1975). The current study 
supports this theory and found response programming 
time was affected by the movement complexity, but 
only when the c o m p l e x i t y  caused a change in the
average movement velocity. M o v e m e n t  distance did not 
affect the response programming time, possibly 
because the change in m ovement distance was not 
sufficient to elicit a change in the average m o vement 
veloci t y .
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C H A P T E R  VI
S UMMARY AND C O N C L U S I O N S
This study e l i m i n a t e d  the typical c o n f o u n d i n g  
of ib ut e s identified in previous
re s e a r c h  on r esponse ^ p r o g r a m m i n g  t i m e . The 
e x p e r i m e n t a l  d esign allowed for the isolation and 
e x a m i n a t i o n  of the e f f e c t s  * of movement» v e l o c i t y , 
m o v e m e n t  c o m p l e x i t y  ' * and-"'' m o v e m e n t  d i stance . An 
increase in c o m p l e x i t y  was a c h i e v e d  by m a n i p u l a t i n g  
the n u m b e r  of d i r e c t i o n  c hanges while holding 
m o v e m e n t  distance and m o v e m e n t  v e l o c i t y  constant. By 
c o n t r o l l i n g  the m o v e m e n t  d i s t a n c e  of the initial 
m o v e m e n t  segment, and the n u m b e r  of m o v e m e n t
d i rection c h a n g e s  m o v e m e n t  distance and movement
c o m p l e x i t y  have been isolated.
All subjects under all c o n d i t i o n s  were 
instructed to move as "fast as they can" from the 
home button to the first li g h t - s w i t c h .  It c ould be 
expected then that no d i f f e r e n c e  exist, in the 
m o v e m e n t  v e l o c i t y  of the first m o v e m e n t  segment, 
under all c o nditions.
A l t h o u g h  the results of this study are 
c o n s i s t e n t  with H enry and Rogers (19 60) m emory drum
53
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theory w h i c h  pre d i c t e d  increased re s p o n s e  p’r o g r a m m i n g  
time with incr e a s e d  task c o m p l e x i t y  it is o nly true 
If m o v e m e n t  v e l o c i t y  is allowed to vary. M o v e m e n t  
c o m p l e x i t y  a f f e c t s  r e s p o n s e  p r o g r a m m i n g  t i m e , o n l y  if 
the change in c o m p l e x i t y  is associated» w ith a 
s igni f i c a n t  change in m o v e m e n t  velocity. This 
v e l o c i t y  e f f e c t  is in s u pport of the findings of
F a l k e n b e r g  and N e w e l l  (1979) and N e w e l l  et al,,
(1980). The pr e s e n t  s tudy also supports the
c o m p l e x i t y  effect findings of (Anson, 1982; 
Christina, Fischman, V ercruys sen and An s o n , 1982) and 
G l e n c r o s s  (1972) and N o r r i e  (1967, 1974). T h e s e
studies allowed m o v e m e n t  v e l o c i t y  to v a r y  and 
rep o r t e d  increased r e s p o n s e  p r o g r a m m i n g  time with an 
increase in m o v e m e n t  c o m p l e x i t y .  T h e  current study 
ho w e v e r  ex t e n d s  these fin d i n g s  and reveals that the 
c hange in response p r o g r a m m i n g  time csis due to a? 
c hange in the a v e r a g e  m o v e m e n t  velocity.^
This s tudy c o n t r i b u t e s  to the g r owing body of 
k n o w l e d g e  in the area of res p o n s e  p r o gramming. By
e l i m i n a t i n g  typical c o n f o u n d  ing of m o v e m e n  t 
a t t r i b u t e s , s i g n i f i c a n t  insights were gained into the 
of m o v e m e n t  velocity, c o m p l e x i t y  and m o v e m e n t  
d i s t a n c e  on r e s p o n s e  p r o g r a m m i n g  t i m e . From the 
fi n d i n g s  of this study it is clear that further
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investigation is in order. More precise control of 
the v a rious m o v e m e n t  a t tributes m ust be sought to 
identify more c l e a r l y  which a t t r i b u t e s  affect the 
programming time of a response. A g r e a t e r  range of 
movement distances and response mo v e m e n t  c o mplexity 
levels w ould further e nhance the present findings; 
M o v e m e n t  complexity, as measured by the number of 
rapidly executed changes in direction, is a factor in 
response p r ogramming time only to the extent that it 
a ffects the mov e m e n t  v e l o c i t y  of the response.
On the basis of the results, and within the 
l i m i t a t i o n s  of this study, several conclusions can be 
put forth:
1. Average m o v e m e n t  v elocity is the 
critical mov e m e n t  response attribute of response 
p rogramming time.
2. W h e n  m o v e m e n t  d i stance is held»
constant, response programming time increases^ as
movement c o m p l e x l t y  i n c r e a s e s , when movement vel o c i t y  
is allowed to vary.
3. When mov e m e n t  distance» is .held
constant, response p r o g r a m m i n g  does not change with
increasing m o v e m e n t  c o m p l e x i t y  when mo v e m e n t  v e l o c i t y  
is held cons tant.
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{4. W i t h  mov e m e n t  c o m p l e x i t y  held 
constant, r e s p o n s e  p r o g r a m m i n g  time does not change 
w i t h  i n c r e a s i n g  m o v e m e n t  d i s t a n c e  w hen m o v e m e n t  
v e l o c i t y  is held constant.
T h i s  s tudy is intended to i nstigate some 
l i v e l y  thi n k i n g  by fresh m inds on a p e r s i s t e n t  
problem. It is hoped that if an u n d e r s t a n d i n g  can be 
gained of m otor c ontrol of tasks l asting a m a t t e r  of 
seconds, we may g ain v a l u a b l e  leads to an 
u n d e r s t a n d i n g  of the m e c h a n i s m s  behind the 
p o t e n t i a l l y  more i m portant and i n t e r e s t i n g  c o n t r o l  of 
c o m p l e x  actions, w h i c h  op e r a t e  over longer periods.
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A PPENDIX 1 
Detailed D e s c r i p t i o n  of Apparatus
The dimensions of the re a c t i o n  time panel board 
was 56 cm wide, by 44.5 cm long. The board was 
angled towards the subject. The height of the board 
at the back was 18.5 cm and 10 cm in front. The HOME 
switch was 1 cm square, all the rest of the switches 
used were round (.7 cm diameter) see figure 1-A. 
Both the D u m m y  switches and the active switches are 
of the same type. D u m m y  switches are used for 
balance so that b o t h  the right and left side of the 
reaction board is symmetrical.
P a t t e r n Switch sequence Number of 
stops
M o vement 
distance (cm)
lA 3, 8 2 75
IB 4, 9, 10 3 75
1C 1, 5, 6, 7 4 75
2A 1, 12 2 100
2B 2. 8, 11 3 100
2C 3, 8, 12, 10 4 100
57
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Figure 1-A. V i e w  of the app a r a t u s
o
© o
o
R e a c t i o n  time panel b oard (not to scale).
No t e .
W ■ W a r n i n g  l i g h t
H " R e a c t i o n  t i m e / M o v e m e n t  time (Home) button 
1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 ,  - l i ghted p u s h - b u t t o n
switche s 
^ 2 ^  » D u m m y  switches.
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A P P E N D I X  2
Verbal Instructions to each subject at the b e g i n n i n g  
of the testing s e s s i o n .
This is a test of r e a c t i o n  time and m o v e m e n t  
time. You are to start by picking up the rubber 
stopper ( i n d i c a t e  to subject) and hold it in your 
do m i n a t e  hand. P l a c e  the r ubber stopper on the HOME 
button (indicate to subject) and depress and hold the 
b u t t o n  down. I will a s k  if you are ready and you 
reply ' " y e s  "  or '"'no'"'. W hen you say yes, I will 
say ‘" ’begin."' At this time you will be told w h i c h  
response y ou will be re q u i r e d  to make (indicate 
required response). A w a r n i n g  light will come on 
(indicate the l ight to the subject). It will stay on 
for a v a r i a b l e  period of time of b e t w e e n  one and four 
seconds in a r andom order. This is a w a r n i n g  light. 
It tells you only to be prepared to respond. After
the w a r n i n g  light, light pa t t e r n  ____ (fill in w i t h
a p p r o p r i a t e  letter, a c c o r d i n g  to a s s i g n m e n t  of 
c o n d i t i o n s  procedures) will come on (indicate light 
pattern to subject). Y our task is to lift the 
stopper off the HOME key and move to depress e a c h  one 
of the lighted switches IN A SMOOTH C O N T I N U O U S
59
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
60
M O V E M E N T  (emphasis) w i t h o u t  s topping I n c l u d i n g  
h i t t i n g  the home b u t t o n  to finish.
You will be g i v e n  ten (10) practice trials 
f ollowed by e ight (8) test trials. Do you have any 
que s t ions ?
For the E x t e r n a l - p a c e d  c o n d i t i o n  the subject will 
also be told the following:
The m e t r o n o m e  c a d e n c e  for this response is as 
follows (start m e t r o n o m e ) .  Y o u  may n o w  tap the home 
b u t t o n  until you are c o m f o r t a b l e  with the cadance. 
Do you have any questions?
Once the s u bject u n d e r s t a n d s  the task, trials begin.
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A P P E N D I X  3
A N O V A  T ables
T a b l e  A
A n a l y s i s  of V a r i a n c e  for Re a c t i o n  Time of Velocity P r e s e n t a t i o n  
O rder for Various L evels of M o v e m e n t  C o m p l e x i t y  and M o v e m e n t  
Dis t a n c e .
Source SS df MS P R » F
O r d e r
Subject X 
Order
Complex i ty
1568.00
1 1 7949.34
9340.77
S u bject X
C o m p l e x i t y  X
O r d e r  15334.25
D i s t a n c e
S u b j e c t  X 
D i s t a n c e  X 
Order
Order X 
C o m p l e x l t y
2312.00
10114.17
775.65
S u b j e c t  X
C o m p l e x i t y  X
O rder 15334.25
O r d e r  X 
Di stance 288.00
Subject X 
D i s t a n c e  X
O r d e r  10114.17
O r d e r  X 
C o m p l e x i t y  X 
Di stance 75 .15
S u b j e c t  X 
D i s t a n c e  X 
C o m p l e x i t y  X 
O rder 12574.25
1 1568.00 0.29
22 5361.33
2 4670.39 13.40
44 348.51
1 2312.00 5.03
5941
22
44
22
44
459.74
387.83 1.11
348.51
2 88.00 0.63
4 59.74
37.36 0.13
285.78
0001
0353
3377
4371
8771
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Table B
A n a l y s i s  of Var i a n c e  for S t i m u l u s  I d e n t i f c a t i o n  T ime for the 
V a r i o u s  L evels of M o v e m e n t  C o m p l e x i t y  and D i s t a n c e .
Source SS df MS F P R-F
S ubject 25672.25 5
C o m p l e x l t y 54.00 2 27.00 0.93 .4269
Su b j e c t  X 
C o m p l e x l t y 291.00 10 29 .10
Dis tance 84.03 1 84 .03 0.84 .4013
S ubject X 
Di stance 499.81 5 99 .96
D i s t a n c e  X 
C o m p l e x i t y 70.22 2 35 .11 1.83 .2096
Su bject X 
D i s t a n c e  X 
Complexi ty 191.44 10 19.14
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
Table C
A n a l y s i s  of V a riance for Av e r a g e  M o v e m e n t  V e l o c i t y  of 
External and Self Paced V e l o c i t i e s  for the Various L e v e l s  
of M o v e m e n t  C o m p l e x i t y  and Distance.
Source SS df MS F PR-F
S u bject 4544.78 23
Veloc i ty 2 1 6262.72 1 2 16262.72 1083.69 .0001
S ubject X 
V e l o c i  ty 4589.94 23 199.56
C omplex i ty 204 4 1 . 8 0 2 10200.90 431.63 .0001
S u b j e c t  X 
C o m p l e x ! t y 1089.20 46 23 .68
Dis tance 3267.01 1 3267.01 114.79 .0001
S u b j e c t  X 
Di stance 654.65 23 28.46
V e l o c i t y  X 
C o m p l e x ! t y 18477 . 13 2 9238.57 382.87 .0001
S u b j e c t  X 
V e l o c i t y  X 
C o m p l e x ! t y 1110.20 46 24. 13
V e l o c i t y  X 
Dis tance 2278.13 1 2278.13 69.94 .0001
Su b j e c t  X 
V e l o c i t y  X 
Dis tance 7 49.21 23 32.57
C o m p l e x ! t y  
Di stance
X
257 . 13 2 128.57 8.62 .0001
Subject X 
C o m p l e x ! t y  
Dis tance
X
6 86.20 46 14 .92
V e l o c i t y  X 
C o m p l e x i t y  
Dis tance
X
274.02 2 137.01 9.27 .0004
S u b j e c t  X 
V e l o c i t y  X 
C o m p l e x ! t y  
Dis tance
X
679.65 46 14.78
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Table D
A n a l y s i s  of Simple Effects for Average Mo v e m e n t  
V e l o c i t y  for M o v e m e n t  V e l o c i t y  Pace.
Source SS df MS F
V e l o c i t y  at 
2 D i r e c t i o n  
Change s 140836.76 1 140836.76 583 6 . 5 8 *
V e l o c i t y  at 
3 D i r e c t i o n  
Change s 58 213.50 1 5 8 2 1 3 . 5 0 2412 .49*
V e l o c i t y  at 
4 D i r e c t i o n  
Change s 35689.59 1 35689.59 1479.05*
S u b j e c t  X 
V e l o c i t y  X 
C o m p l e x ! t y 1110.20 46 24.13
Note : *p< .01
Error term used is 
v e l o c i t y  X c o m p l e x i t y  in
from
the
the i n t e r a c t i o n  of 
ori g i n a l  2X3X2 ANOVA.
T able E
A n a l y s i s  of Simple E ffects for Average 
for C o m p l e x i t y  L e vels for the External
M o v e m e n t  Vel 
Paced Condit
Source SS df MS F
C o m p l e x ! t y 349.43 2 174.72 0.43
Subject X 
V e l o c i t y  X 
Complex ity 18477.13 46 401.68
Note: * p < .01
Error term used is from the i n t e r a c t i o n  of 
v e l o c i t y  X c o m p l e x i t y  in the o r i g i n a l  2X3X2 ANOVA.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
65
Table F
Analysis of Simple Effects for Average Mov e m e n t  Velocity 
for M o v e m e n t  Dis t a n c e  for the External Paced Condition.
Source SS df MS F
Dis tance 1764.00 1 1764.00 0.77
Subject X 
Velocity X 
Distance 2278.13 1 2278.13
Note : * p < .01 
Error 
v e l o c i t y  X d
term used 
i stance in
is from 
the or
the interaction of 
iginal 2X3X2 ANOVA.
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Table G
Analysis of Variance for R e a c t i o n  Time of External and 
Self Paced V e l o c i t i e s  for the Various Levels of Movement 
C o m p l e x i t y  and M o v e m e n t  Distance.
Source SS df MS F PR-F
Subject 119517.33 23
V e l o c 1 ty 6650.88 1 6650.88 2.01 .1701
Subject X 
V e l o c 1 ty 76225.28 23 3315.45
D 1 stance 2312.00 1 2312.00 5.11 .0335
Subject X 
D1s tance 10402.17 23 452.27
Co mplexlty 9340.77 2 4670.39 13.34 .0001
Subject X 
Complex 1 ty 16109.90 46 350.22
V e l o c i t y  X 
D 1 s tance 128.00 1 128.00 0.23 .6349
Subject X 
Vel o c i t y  X 
Dis tance 12712.50 23 552.72
V e l o c i t y  X 
C o mplexity 5560.59 2 2780 .30 7.04 .0021
Subject X 
V e l o c i t y  X 
C omp l e x l t y 18162.74 46 394.84
Di s t a n c e  X 
C o mplexity 6.94 2 3.47 0.01 .9875
Subject X 
D i s t a n c e  X 
Complex 1 ty 12649.40 46 274.99
Vel o c i t y  X 
D i stance X 
C o m p l e x 1 ty 6.81 2 3.41 0.01 .9907
Subject X 
Velocity X 
D i s t a n c e  X 
Complexity 167 12.19 46 363 .31
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Table H
A n a l y s i s  of Simple Effects for R e a c t i o n  Time for 
M o v e m e n t  V e l o c i t y  P a c e .
So ur ce SS df MS F
V e l o c i t y  at 
2 D i r e c t i o n  
change s 8683.01 1 8683 .01 21.99*
V e l o c i t y  at 
3 D i r e c t i o n  
Change s 3420.09 1 3420.09 8.66*
V e l o c i t y  at 
4 D i r e c t i o n  
Change s 108.38 1 108 .38 0.27
S ubject X 
V e l o c i t y  X 
C o m p l e x i t y 1 8162.74 46 394.84
No te : * p < ,01
Error term used Is from the I n t e r a c t i o n  of 
v e l o c i t y  X c o m p l e x i t y  In the o r i g i n a l  2X3X2 ANOVA,
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